In order to investigate the temporal evolution of binary populations in general, double compact star binaries and mergers in particular within a galactic evolution context, a most straightforward method is obviously the implementation of a detailed binary evolutionary model in a galactic chemical evolution code. To our knowledge, the Brussels galactic chemical evolution code is the only one that fully consistently accounts for the important effects of interacting binaries on the predictions of chemical evolution. With a galactic code that does not explicitly include binaries, the temporal evolution of the population of double compact star binaries and mergers can be estimated with reasonable accuracy if the delayed time distribution (DTD) for these mergers is available. The DTD for supernovae type Ia has been studied extensively the last decade. In the present paper we present the DTD for merging double neutron star binaries and mixed systems consisting of a neutron star and a black hole. The latter mergers are very promising sites for the production of r-process elements and the DTDs can be used to study the galactic evolution of these elements with a code that does not explicitly account for binaries.
Introduction
The r-process nucleosynthesis is known since the pioneering works of Burbidge et al. (1957) and Seeger et al. (1965) but the main production site of the r-process elements still remains a matter of debate. Basically two sites have been studied in some detail in the recent past: type-II supernova (SN) (including long GRBs) and merging double compact star binaries, either double neutron star systems (NS+NS) or neutron star + black hole binaries (NS+BH). Type-II SN may have been main r-process sites in the early-time Galaxy when [Fe/H] <-3 but it is questionable that they remained important when the metallicty became large (e.g., Qian, 2011; Wanaja et al., 2011; . Recent hydrodynamical simulations of the merging process of double compact star binaries have shown that during and after the merger phase some 10 −3 M up to more than 0.1 M of neutron rich matter can be ejected from the system (e.g., Rosswog, 2005; Oechslin et al., 2007; Goriely et al., 2011; Korobkin et al., 2012; Bauswein et al., 2013; Wanajo et al., 2014; Foucart et al., 2014; Just et al., 2015) . Although the results of the abovementioned simulations may be quantitatively different they all agree that the neutron rich ejecta provide the necessary conditions for very efficient r-processing.
By implementing the details of one particular r-process site in a chemical evolutionary code it is possible to compute the galactic temporal variation of r-process elements predicted by that site. Comparison with observations (mainly the observations of Eu) may yield important information on the importance of the chosen site for the overall galactic r-process production. In principle, if one decides to study in this way the effects of merging double compact star binaries, for the sake of consequence one has to combine a full binary population model (including binary chemical yields) with a galactic formation and evolution code.
We like to remind the interested reader that present observations of massive stars yield a massive interacting binary frequency of at least 70% (Sana et al., 2012) and we note that most of the existing chemical evolution codes do not account for the evolutionary consequences of binaries. Our code that was described in De with important updates listed in Vanbeveren et al. (2012) and in Mennekens and Vanbeveren (2014) is to our knowledge the only code with an internal and fully self-consistent detailed binary population model (including binary yields). We used this code in order to predict the temporal evolution of the r-process elements ejected by double compact star binaries. An important conclusion resulting from our 2004 and 2014 results was that (with exception for the first say 100 Myr) compact star binary mergers may be major contributors to the r-process enrichment and that it is very plausible that this enrichment is due mainly to BH+NS mergers. Matteucci et al. (2014) tried to evaluate the importance of double neutron star mergers as r-process production site however since they used a galactic code that does not explicitly account for binaries, approximations had to be made that may affect overall conclusions. To illustrate, the authors adopt a model with three fixed merger delay time-scales for all double compact star mergers and they correctly note that a more realistic approach would consider a distribution function of such timescales. Moreover, since their code does not account for close binaries they have to rely on 'observed' merger rates like those proposed by Kalogera et al (2004) . However, these rates may tell us something about the present situation but they do not give information on the temporal (Z-dependent) evolution of the merger rates. Moreover, the rates are based on the observation of only 9-10 observed double NS binaries and are therefore very uncertain. Last not least, no observations exist on BH+NS binaries and as already discussed above merging BH+NS may be the dominant r-process production site.
Scientists that use chemo-dynamical models in order to study galactic evolution rarely have binaries included and they are requesting party for time delay distributions of merging double compact star binaries.
We find ourselves in a priviledged position in order to provide such distributions and this is the main scope of the present paper. It should not be considered as a stand alone paper but rather as an addendum to the paper Mennekens and Vanbeveren (2014, paper I) .
The delayed time distribution (DTD) of double compact star mergers
The delayed time is defined as the evolutionary time (∆t evol ) between the formation of a massive binary and the eventual formation of the double compact star system (NS+NS or NS+BH) + the coalescence timescale (∆t mer ) of the latter due to relativistic gravitational wave emission. In our simulations ∆t evol is computed from first binary evolution principles. Note that in binaries where RLOF and mass transfer is active this evolutionary time is not simply the evolutionary time of the low mass companion of the binary. The coalescence time obviously depends on the period of the double compact star binary but it is also very much dependent on its eccentricity. To calculate the DTD it is therefore indispensable in order to calculate in detail the effects of an SN explosion (which may be asymmetric) on the binary orbital parameters. Our binary code has been introduced in De Donder and and important updates were described in Vanbeveren et al. (2012) and Mennekens and Vanbeveren (2014) . We invite the interested reader to consider at least the latter since the present paper is written as an addendum. Summarizing, our binary population code accounts for the following binary processes: stable RLOF in case A/Br 1 binaries (accounting for conservative and non-conservative assumptions characterised by the mass transfer efficiency β), commonenvelope evolution in case Bc/C binaries (characterised by the energy conversion efficiency α), common-envelope evolution of a binary where one of the components is a compact star, a detailed treatment of the effects of the supernova explosion on binary parameters (the SN can be asymmetric and the degree of asymmetry is expressed as the kick velocity that the compact star gets, also dependent on the adopted fallback mechanism as described in Fryer et al. 2012) , stars that end their life in a prompt electron capture supernova (ECSN) where the resulting neutron star is formed with a small kick (Podsiadlowski et al., 2004) , the formation of a BH with or without a SN explosion. Another important assumption is whether or not a luminous blue variable (LBV) phase can strip the entire envelope of a very massive (> 40 M ) star in a spherically symmetric way. It is obvious that the code also accounts for the details of stellar evolution which depends on e.g. stellar wind mass loss, convective core overshooting, mass accretion during stable RLOF in case A/Br binaries, the binary merger process etc.
Once a double compact star binary is formed (i.e., after the second SN explosion of the binary) our code computes the coalescence timescale using the gravitational wave radiation formalism of Landau and Lifshitz (1951) . The formalism is summarized in De . We repeat that the timescale very much depends on the eccentricity of the binary, and therefore a detailed model that computes the effects of an asymmetric SN explosion on binary parameters is absolutely needed.
A DTD depends on various distribution functions of star and binary parameters. In correspondence with current observations of massive stars and binaries in our Galaxy, we adopt ) a Scalo (1986) initial mass function ∼ M −2.7 for single stars and for primaries of close binaries with mass > 2 M and a Salpeter (1955) slope ∼ M −2.35 for 0.08 ≤ M/M ≤ 2, a flat binary mass ratio distribution and a binary period distribution that is flat in the Log. Recent observations of Sana et al. (2012) support the flat mass ratio distribution however the authors conclude that a period distribution ∼ (Log P) −0.55 cannot be excluded. In paper I we investigated the effect on the population of double compact star systems and concluded that it is marginal. To support the latter conclusion we will also compute the DTD with the 'alternative' period distribution.
The effects of an asymmetric SN explosion on binary parameters are computed by relating the asymmetry and the kick the compact star gets. We therefore need a distribution function of possible kicks. The kick velocity distribution is linked to the observed pulsar velocity distribution and we use the study of Lyne & Lorimer, 1994 . This yields a χ 2 -distribution with average 450 km/s but to account for possible observational errors we also calculated the DTD using a distribution with average 265 km/s (Hobbs et al. 2005 ).
Results
The binary population models for which a DTD of double compact star mergers have been calculated are those described in paper I and listed in Table 1 of that paper. Since the latter concerned galactic evolution, paper I also considered various star formation rate models (which is for example the only difference between models 2 and 4), which is obviously not important here. Furthermore, only the models are withdrawn which predict a present day Galactic double neutron star merger rate 2 ≥ 3/Myr which is a most probable 'observational' lower limit (Kim et al., 2010) . According to the results of Table 2 in paper I, the models 1, 3, 8, 9, 10, 11, 17, 18, 22 do not meet this lower limit. Model 22 predicts a merger rate of 2.5/Myr which means that rejecting this model is at first glance not based on a strong argument. An additional argument to reject model 22 comes from the predicted DTD of type Ia supernovae if the same binary parameter values are used as in model 22. The SN Ia DTD predicted by the Brussels code has been described in detail in Mennekens et al. (2010) and is shown in Figure 1 if the model 22 parameters are used. As can be noticed the theoretically predicted DTD deviates from observations by a large factor and this strengthens the conclusion to reject model 22.
Using our Galactic Chemical Evolution code that includes a detailed treatment of binaries, we also computed the predicted temporal evolution of the r-process elements for all the binary models. It is clear that the models that predict too much r-process element enrichment have to be rejected as well 3 . This is the case for models 6, 14, 15, 16, 19, 20, 21, 23 . To illustrate this criterion Figure 2 shows the predicted temporal evolution of r-process enrichment for two representative binary models and we compare with observations 4 . Interestingly, the models that do not predict too much r-process enrichment have a present combined galactic NS+NS and NS+BH merger rate ≤ 20/Myr (≤ 10/Myr for both). Tables 1 and 2 give the DTD of NS+NS and of NS+BH mergers for the non-rejected models as discussed above. Table  3 reminds the reader of the assumptions behind these models, which are laid out in more detail in Paper I. The calculated rates are for a starburst with total mass = 1 M , and a binary frequency = 100%. It is then obvious to estimate the rates for any starburst whatever the binary frequency. In Tables 3 and 4 (also available online at the same address) we give the corresponding DTDs of the r-process yields by linking the calculations of Korobkin et al. (2012) with our predicted temporal evolution of the population of compact star mergers. Figure 3 shows the DTD for model 2. All the models retained in the present paper give very similar DTDs. The DTDs illustrate that NS+NS or/and NS+BH mergers show up typically 10-30 Myr after the onset of the starburst whereas the merger rates depend critically on the metallicity Z. Figure 5 is similar to Figure 3 but for a binary period distribution proposed by Sana et al. (2012) . As can be noticed the difference is moderate. 4 We use the same observations as those discussed in Paper I. 
Comparison to earlier work
Many research groups studied the populations of massive compact star pairs and some of them discuss the delay time distributions. One of the earliest papers is the one of Tutukov and Yungelson (1994), a paper published in the era where it was be- (2004) and Dominik et al. (2012) and references therein. In all these studies the delay time is defined as the orbital decay time between the formation of the double compact star binary and the moment of merging and obviously the published distributions describe the distributions of these decay times. However, this is not the one needed in order to study the effect of massive binaries on the r-process element enrichment of galaxies with a code that does not explicitly account for binaries. What is really needed is the delay time distribution starting from a binary population on the zero age main sequence up to the double compact star merger, i.e. the delay time must include the evolutionary timescale of the progenitor binary. The DTDs presented here account for this and therefore they can hardly be compared to the DTDs presented in earlier work.
Conclusion
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